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1
DROPPER-TYPE REGULATOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Japanese Patent
Application No. 2007-322217, filed Dec. 13, 2007, which 1s
incorporated by reference.

BACKGROUND

The present invention relates to voltage regulators and,
more particularly, to dropper-type regulators providing a soft
start function.

Dropper-type regulators are typically used when 1t 1s
desired to supply an output voltage lower than an input volt-
age. In some dropper-type regulators, an output transistor 1s
used as a varniable resistor, so that an 1nput voltage 1s lowered
to thereby maintain a stable output voltage. Dropper-type

regulators may be configured to provide a so-called soft start
function that smoothes the rise of the output voltage so that a
high current upon power activation (known as an inrush cur-
rent) may be prevented.

An example of a dropper-type regulator 100 having such a
soit start function 1s 1llustrated 1n FIG. 1. An output transistor
1 1s connected between an 1nput terminal 102 and an output
terminal 104, and a stabilization capacitor 106 1s connected to
the output terminal 104. The output voltage 1s divided by
resistors 108 and 110, and a feedback voltage derived from a
central connection point 112 of the resistors 108, 110 1s
connected to an mversion mput terminal 114 of a differential
amplifier 3. The differential amplifier 3 1s configured to
receive a reference voltage VREF at a non-inversion input
terminal 116 and to supply an output voltage corresponding to
a difference between the feedback voltage and the reference
voltage VREF to a drive circuit 4 to provide voltage feedback,
so that the output voltage of the regulator 100 1s maintained
relatively constant. Moreover, the drive circuit 4 1s connected
to a duty control circuit 5, which controls a duty ratio of a gate
voltage of the output transistor 1 upon activation, so that the
output transistor 1 1s intermittently turned on/off, thereby
providing a soft start function. See, e.g., Japanese Laid-Open
Patent Application No. 2004-318339, which 1s incorporated
by reference.

In another example which does not include the duty control
circuit, a CR circuit (capacitor-resistor circuit, also known as
an RC circuit for resistor-capacitor circuit) 1s inserted
between the differential amplifier 3 and the reference voltage
source VREF. The CR circuit reduces the rate of increase of
the output voltage when the reference voltage rapidly
increases upon power activation, thereby providing the soft
start function. See, e.g., Japanese Patent Application Laid-
Open No. 2005-327027, which 1s incorporated by reference.

However, the dropper-type regulator illustrated in FIG. 1
requires additional circuits for duty control which were not
originally required 1n a basic regulator (such as an oscillator,
a pulse width modulator, and a frequency sweep circuit) and,
thus, the size of the circuit increases. Moreover, since 1t 1S
typically necessary to change a pulse width modulation rate
or a frequency sweep time whenever the capacitance of the
output capacitor changes, a control circuit for such control 1s
typically required. Similarly, 1n devices including a CR cir-
cuit, the sizes of the resistor and the capacitor comprising the
CR circuit may need to be increased 11 the capacitance of the
output capacitor changes. Thus, when a CR circuit 1s 1nte-
grated ito an integrated circuit (“IC”), the chip size may
increase. As a result, 1t 1s difficult to set the circuit parameters
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with suflicient flexibility. Furthermore, 1t 1s typically difficult
to design a device in which the output voltage 1s immediately
OFF upon power OFF due to the influence of the CR circuat.

INTRODUCTION

Embodiments include a dropper-type regulator capable of

providing a soft start function using a simple circuit configu-
ration. An exemplary regulator includes a first FET having a
relatively high current driving capability and a second FET
having arelatively low current driving capability are provided
in parallel between an mput terminal and an output terminal.
For a predetermined time immediately after power activation,
only the second FET 1s driven, thereby preventing a large rush
current. A switch circuit connected to the gate of the first FET
1s operated after the predetermined period of time, thereby
supplying a driving voltage to the gate of the first FET.

More specifically, an exemplary dropper-type regulator for
lowering an nput voltage applied to an mput terminal and
supplying a substantially constant output voltage from an
output terminal includes a first FET having a source and a
drain connected to the input terminal and the output terminal,
respectively; a second FET having a source and a drain con-
nected to the source and the drain of the first FET, respec-
tively, and having a current driving capability lower than that
of the first FE'T; a driving voltage generation circuit capable of
generating a driving voltage corresponding to the output volt-
age appearing at the output terminal to thereby supply the
driving voltage to a gate of the second FET; and a switch
circuit for selectively supplying the driving voltage to the gate
of the first FE'T. Such an embodiment provides a dropper-type
regulator with a soft start function using a relatively simple
circuit configuration.

These and other features and advantages will become
apparent to those skilled 1n the art upon consideration of the
following detailed description of exemplary embodiments.
The drawings are only to serve for reference and 1illustrative
purposes, and are not intended to limit the scope of the dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description refers to the following figures 1n
which:

FIG. 1 1s a circuit block diagram illustrating a conventional
dropper-type regulator having a soit start function.

FIG. 2 1s an equivalent circuit diagram illustrating the
configuration of a first exemplary dropper-type regulator.

FIG. 3 15 a timing chart 1llustrating the operation of the first
exemplary dropper-type regulator.

FIG. 4 1s an equivalent circuit diagram illustrating the
configuration of a second exemplary dropper-type regulator.

FIG. 5 1s an equivalent circuit diagram 1illustrating an
exemplary configuration of an power supply system includ-
ing a dropper-type regulator and a switching regulator.

FIG. 6 1s a timing chart illustrating operation of an exem-
plary switching regulator.

DETAILED DESCRIPTION

A description of an exemplary embodiments are provided
below with reference to the accompanying drawings. In the
drawing figures, substantially the same or equivalent compo-
nents or portions will be denoted by the same reference
numerals.

FIG. 2 1s an equivalent circuit diagram illustrating the
configuration of a first exemplary dropper-type regulator.



US 8,120,338 B2

3

This dropper-type regulator 1s configured to generate a pre-
determined stabilized DC output voltage from a power supply
voltage VIN applied from an external source to a power
supply 1input terminal IN and to output the generated output
voltage at an output terminal OUT. An output capacitor C1 for
noise reduction 1s connected between the output terminal
OUT and the ground 202. This regulator may be integrated
into a semiconductor mtegrated circuit (“IC”).

In the exemplary embodiment, a first output field effect
transistor (“FET”’) Q1 and a second output FET Q2 are con-
nected in parallel between the power supply input terminal IN
and the output terminal OUT. The first output FET Q1 and the
second FE'T Q2 may be P-channel MOSFETs (metal-oxide-
semiconductor field-effect transistor), for example, and
respective sources and drains of the FETs Q1, Q2 are con-
nected to the power supply input terminal IN and the output
terminal OUT, respectively. The second output FE'T Q2 has a
gate width and a gate length smaller than those of the first FET
1, and the current driving capability of the second output
FET Q2 1s lower than that of the first output FET Ql That 1s,
the second output FET Q2 has a smaller element size and 1s
configured to tlow a current smaller than that of the first
output FET Q1, which has a larger element size, even when
the same gate voltage 1s applied to the FE'Ts Q1, Q2. A gate of
the second output FET Q2 1s connected to the output terminal
204 of a differential amplifier 10. A gate 206 of the first output
FET Q1 1s connected to a switch circuit 13, which selectively
connects the gate 206 of the first output FED Q1 to either of
the output terminal 204 of the differential amplifier 10 or the
power supply voltage VIN in response to a switching opera-
tion of the switch circuit 13. An output voltage of a first
comparator 11 1s supplied to the switch circuit 13, so that the
switching operation 1s performed 1n accordance with the out-
put voltage.

In the exemplary embodiment, series-connected resistors
R1 and R2 are connected between the output terminal OUT
and the ground 202, and a feedback voltage derived from a
central connection point 208 of the resistors R1, R2 1s sup-
plied to an mversion mmput terminal 210 of the differential
amplifier 10. The differential amplifier 10 1s configured to
receive a predetermined reference voltage VREF at a non-
inversion mput terminal 212, to supply an output voltage
corresponding to a difference between the feedback voltage
from connection point 208 and the reference voltage VREF,
as a FET driving voltage to the gate 214 of the second output
FET Q2, and additionally to the gate 206 of the first output
FET Q1 with intervention of the switch circuit 13. With such
a configuration, the differential amplifier 10 1s capable of
driving the respective gates 206, 214 of the FETs (Q1, Q2 so
that the output voltage of the regulator becomes a predeter-
mined voltage. Specifically, a feedback loop 1s formed by the
output FET's Q1, Q2, the resistors R1, R2, and the differential
amplifier 10. This arrangement provides negative feedback
for the output voltage of the regulator, so that the output
voltage 1s regulated.

In addition, 1n the exemplary embodiment, a charge pull-
out FET (3 and a resistor R3 are connected between the
output terminal OUT and the ground 202. Specifically, the
resistor R3 has one end connected to the output terminal OUT
and the other end connected to a drain 216 of the charge
pull-out FET Q3, which may be an N-channel MOSFET, for
example. The source 218 of the charge pull-out FET Q3 1s
connected to the ground 202, and the gate 220 1s connected to
an output terminal 222 of a second comparator 12.

In the exemplary embodiment, the first comparator 11 and
the second comparator 12 have respective non-inversion
input terminals 224,226 which are connected to output termi-
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nals 228, 230 of an activation control circuit 20. The activa-
tion control circuit 20 1s includes a current source circuit J1
and a capacitor C2. The current source circuit J1 1s configured
to generate a constant current upon activation of a power
supply of the regulator, thereby charging capacitor C2. With
this charging operation, an activation control voltage having a
potential rising at a predetermined rate after power activation
appears at the output terminals 228, 230 of the activation
control circuit 20, which are connected between the capacitor
C2 and the current source circuit J1.

In the exemplary embodiment, the activation control volt-
age 1s input to the non-inversion mput terminals 224, 226 of
the first comparator 11 and the second comparator 12. More-
over, the activation control voltage 1s configured to be set at a
voltage corresponding to a desired rising time by appropri-
ately adjusting the capacitance of the capacitor C2 or the
current supplied by the current source circuit J1. Further-
more, a reference voltage V1 1s mput to an mversion input
terminal 232 of the first comparator 11 and a reference volt-
age V2 1s input to an imversion input terminal 234 of the
second comparator 12. The first and second comparators 11,
12 are configured to compare the activation control voltage
with the reference voltage V1 or V2 to provide an output
signal of a high level when the activation control voltage 1s
lower than the reference voltage V1 or V2, while providing an
output signal of a low level when the activation control volt-
age 1s higher than the reference voltage V1 or V2. In this
embodiment, reference voltage V1 1s higher than reference
voltage V2.

In the exemplary embodiment, the switch circuit 13 1s
configured to perform its switching operation such that the
gate 206 of the first output FE'T Q1 1s connected to the power
supply voltage VIN wvia the power supply mput terminal IN
when the output of the first comparator 11 1s high, while the
gate 206 of the first FET Q1 1s connected to the output 204 of
the differential amplifier circuit 10 when the output of the first
comparator 11 1s low. Meanwhile, the charge pull-out FET
Q3 1s configured to enter into an OFF state when the output of
the second comparator 12 1s low and 1s configured to enter
into an ON state when the output of the second comparator 12
1s high.

The operation of the exemplary dropper-type regulator
described above 1s provided with reference to the timing chart
of FIG. 3. First, 1n an 1imitial state immediately atter the power
activation of the regulator circuit, the output of the first com-
parator 11 1s high, and, therefore, the switch circuit 13 con-
nects the gate 206 of the first output FET Q1 to the power
supply voltage VIN. For this reason, the first output FET Q1
1s 1n an OFF state immediately after activation of the regula-
tor. Since the second output FET Q2 1s supplied with the
driving voltage by the differential amplifier circuit 10 1mme-
diately after activation and negative feedback 1s not yet
applied thereto, the second output FET Q2 1s fully driven to
enter into a completely ON state, thereby starting charging of
the output capacitor C1. However, since the second FET Q2
has a small element size and small current driving capability
as described above, the current flowing to the output capacitor
C1 1s limited, and a relatively long period of time 1s required
for the capacitor C1 to become completely charged due to the
low driving capability of the second FET Q2. For this reason,
the output voltage of the regulator slowly increases, and, thus,
a soft start function 1s provided. Furthermore, the output of
the second comparator 12 1s also high immediately after the
activation of the regulator, and, therefore, the charge pull-out
FET Q3 1s turned ON immediately after the activation. There-
fore, a portion of the output current flowing from the second
output FET Q2 flows 1nto the charge pull-out FET 3, and,
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thus, the flow of current into the capacitor C1 1s further
suppressed. Moreover, the charge pull-out FET Q3 also has
the function of draining charges which may have been over-
charged 1nto the capacitor C1.

Meanwhile, when the regulator circuit i1s activated, the
current source circuit J1 begins charging the capacitor C2.
Then, the charging voltage of capacitor C2 (i.e., the activation
control voltage) increases at a constant rate, and when the
activation control voltage exceeds the reference voltage V2,
the second comparator 12 changes 1ts output from high to low.
When the output of the second comparator becomes low, the
charge pull-out FET Q3 enters into an OFF state, and the
diversion of current from the output capacitor C1 stops. Sub-
sequently, when the charging of the capacitor C2 has pro-
ceeded further and the activation control wvoltage has
exceeded the reference voltage V1, the first comparator 11
changes 1ts output from high to low. When the output of the
first comparator 11 has changed from high to low, the switch
circuit 13 switches the gate 206 of the first output FET Q1 to
the output 204 of the differential amplifier circuit 10. In this
way, the gate 206 of the first output FET Q1 1s supplied with
the driving voltage output 204 from the differential amplifier
circuit 10, and the output capacitor C1 1s charged by an output
current corresponding to the driving voltage. As described
above, the first output FE'T Q1 has a larger element si1ze and
higher current driving capability than the second FET Q2 and
1s therefore capable of supplying a larger current. However,
when the first output FET Q1 1s in an ON state, since the
output capacitor C1 may have some charges stored therein,
and the output voltage of the regulator may have reached a
voltage close to a target voltage, the inrush current may not
flow 1nto the output capacitor C1, and, thus, an abrupt rise 1n
the output voltage may be prevented. In a normal state, both
the first and second output FETs Q1, Q2 are driven and
stabilization of the output voltage 1s attained.

As described above, in the exemplary dropper-type regu-
lator, the regulator includes two output FETs Q1, (2 having
different current driving capabilities and that are configured
such that only the output FET having the lower current driv-
ing capability (typically the one with the smaller element
s1ze) 1s driven immediately after power activation, while the
output FET having the higher current driving capabaility (typi-
cally the larger element size) 1s driven when the output volt-
age has approached the target voltage, thus providing a soft
start function with a relatively simple circuit configuration.
Moreover, immediately after the activation, since the charge
pull-out FET Q3 (which 1s connected to the output terminal
OUT wvia resistor R3) 1s put into an ON state, it 1s possible to
more effectively suppress the current flowing into the output
capacitor C1.

FI1G. 4 1s an equivalent circuit diagram illustrating a second
exemplary dropper-type regulator. This dropper-type regula-
tor has the same basic configuration as the first exemplary
embodiment, except that a current limiting resistor R4 1s
connected between the drain 236 of the second output FET
(02 and the output terminal OUT. That is, the output current
flowing from the second output FET Q2 charges the output
capacitor C1 via the current limiting resistor R4. Other por-
tions of the configuration are generally the same as those of
the first exemplary embodiment, and thus, a redundant
description thereof 1s omitted.

The operation of the dropper-type regulator of the second
exemplary embodiment 1s substantially the same as that of the
first exemplary embodiment. Specifically, 1n an nitial state
immediately after the power activation of the regulator cir-
cuit, the output of the first comparator 11 1s high, and, there-
tore, the switch circuit 13 connects the gate 206 of the first
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output FET Q1 to the power supply voltage VIN. For this
reason, the first output FET Q1 1s 1n an OFF state immediately
alter activation of the regulator. Since the second output FET
Q2 1s supplied with a dnving voltage by the differential
amplifier circuit 10 immediately after activation and negative
teedback 1s not yet applied thereto, the second output FE'T Q2
1s Tully driven 1nto a completely ON state, thereby starting
charging of the output capacitor C1. In this case, the output
current flowing out from the second output FET Q2 1is
decreased due to the effect of the added current limiting
resistor R4 and the low current driving capability of the sec-
ond output FE'T Q2. Therefore, the tlow of the current into the
output capacitor C1 1s further suppressed, and, thus, it 1s
possible to further smooth the rising transition of the output
voltage of the regulator. Furthermore, the output of the second
comparator 12 1s also high immediately atfter the activation,
and, therefore, the charge pull-out FET Q3 1s driven ON
immediately after the activation, and the current flowing into
the output capacitor C1 1s suppressed. Meanwhile, when the
regulator circuit 1s activated, the current source circuit J1 1s
begins charging capacitor C2. Subsequent operations are the
same as those of the first exemplary embodiment, and, thus, a
redundant description 1s omitted.

In this way, by adding the current limiting resistor R4 on
the output current path of the second output FET 2, it 1s
possible to further reduce a high inrush current upon activa-
tion of the regulator.

FIG. 5 1s an equivalent circuit diagram 1illustrating an
exemplary configuration of a power supply system 300
including dropper-type regulator 100 according to the first or
second exemplary embodiment and a switching regulator
200. The switching regulator 200 1s a booster-type DC/DC
converter configured to boost a power supply voltage VIN2
applied from an external source via a power supply 1nput
terminal IN2 to supply a predetermined output voltage at an
output terminal OUT2. In an embodiment, the dropper-type
regulator 100 and the switching regulator 200 are integrated
into a single semiconductor IC such that either one or both of
them can be used.

In the exemplary switching regulator 200, an inductor L1 1s
connected to a DC input voltage VIN2 at one end, and the
anode of a diode D1 1s connected to the other end of the
inductor L1. The cathode of the diode D1 1s connected to the
output terminal OUT2 of the switching regulator 200. An
output capacitor C3 1s connected between the output terminal
OUT2 and the ground 302 for noise reduction. A connection
point 304 of the inductor L1 and the diode D1 1s connected to
the drain 306 of an output FET Q4, which may be an N-chan-
nel MOSFET, for example. The output FE'T Q4 has its source
308 connected to the ground 302 and its gate 310 connected to
a drive circuit 31. The drive circuit 31 1s configured to gen-
erate a pulsating driving voltage for driving the output FET
Q4. The output FE'T Q4 repeatedly turns on and off in accor-
dance with the driving voltage of the drive circuit 31 such that
stabilization of the output voltage 1s attained.

In the exemplary embodiment, series resistors R11 and
R12 are connected between the output terminal OUT2 and the
ground 302, and a feedback voltage derived from a central
connection point 312 of the resistors 1s supplied to an nver-
sion input terminal 314 of a differential amplifier 32. The
differential amplifier 32 1s configured to receive a predeter-
mined reference voltage VREF at a non-inversion input ter-
minal 316. The differential amplifier 32 generates an output
voltage corresponding to a difference between the feedback
voltage and the reference voltage VREEF, and to supply the
generated output voltage to the drive circuit 31. The drive
circuit 31 also recerves an output signal of an oscillator 33
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capable of generating a triangular wave and an activation
control voltage generated by an activation control circuit 20.
The activation control circuit 20 includes a current source
circuit J1 and a capacitor C2, for example. The current source
circuit J1 1s configured to generate a constant current upon
activation of a power supply of the regulator to thereby charge
the capacitor C2. With this charging operation, an activation
control voltage rising at a predetermined rate after power
activation appears at the output terminal 318 of the activation
control circuit 20, which 1s the connection point of the capaci-
tor C2 and the current source circuit J1. The activation control
voltage generated by the activation control circuit 20 1s con-
nected not only to the drive circuit 20, but also to non-inver-
s1on mput terminals 224, 226 of the first comparator 11 and
the second comparator 22 of the dropper-type regulator 100.

A description of the operation of the exemplary power
supply system 300 having the above-described configuration
refers to F1G. 6 which illustrates an input/output wavetform of
the drive circuit 31. As described above, the drive circuit 31 1s
supplied with the triangular wave generated by the oscillator
33, the activation control voltage generated by the activation
control circuit 20, and the output voltage of the differential
amplifier circuit 32. The drive circuit 31 includes a three-
input comparator and 1s configured to produce an output
signal of a low level when the voltage of the triangular wave
supplied from the oscillator 33 i1s higher than either the acti-
vation control voltage or the output voltage of the differential
amplifier 32, while producing an output signal of a high level
when the voltage of the triangular wave 1s lower than either
the activation control voltage or the output voltage of the
differential amplifier 32, and to supply the output signal as a
driving voltage to the gate of the output FET Q4. By such
operation of the drive circuit 31, the output voltage of the
drive circuit has a short high level period immediately after
activation and the high level period increases with time, as
illustrated 1n FIG. 6, so that the output voltage 1s eventually
maintained at a constant duty ratio. The output FET (04 1s in
an ON state only when the output voltage of the drive circuit
31 1s high and 1s 1n an OFF state when 1t 1s low. The output
FET Q4 repeats 1ts turning ON/OFF operation 1n accordance
with the driving voltage supplied from the drive circuit 31,
whereby the output voltage of the switching regulator 200 1s
maintained at a constant voltage. Immediately atter the power
activation, since the high level period of the driving voltage 1s
short, the ON period of the output FE'T (Q4 1s short, and, thus,
the switching regulator 200 1s provides a soft start function.

In the exemplary embodiment, since the activation control
voltage generated by the activation control circuit 20 1s also
supplied to the non-inversion iput terminals 224, 226 of the
first and second comparators 11,12 of the dropper-type regu-
lator 100, a soft start function of the dropper-type regulator
100 1s attained. The operation of the dropper-type regulator
100 1s the same as those of the first exemplary embodiment,
and, thus, a redundant description thereot 1s omitted. In some
embodiments, a single activation control circuit 20 may
shared by a plurality of regulator circuits, thus potentially
simplifying the circuit configuration.

In the above descriptions, although the activation control
voltage by the activation control circuit 20 has been assumed
to be generated by a charging voltage of a capacitor C2, the
activation control voltage may be generated by a discharging
voltage of the capacitor C2. In such a case, it may be neces-
sary to mvert a polarity of the input terminals 224, 226, 232,
234 of ecach of the comparators 11, 12 from the polarity
described above.

While exemplary embodiments have been set forth above
for the purpose of disclosure, modifications of the disclosed
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embodiments as well as other embodiments thereof may
occur to those skilled in the art. Accordingly, 1t 1s to be
understood that the disclosure 1s not limited to the above
precise embodiments and that changes may be made without
departing from the scope. Likewise, 1t 1s to be understood that
it 1s not necessary to meet any or all of the stated advantages
or objects disclosed herein to fall within the scope of the
disclosure, since mherent and/or unforeseen advantages of
the may exist even though they may not have been explicitly
discussed herein.

What 1s claimed 1s:

1. A regulator comprising:

a first transistor mcluding a first source connected to a first
input terminal and a first drain connected to a first output
terminal;

a second transistor including a second source connected to
the first source and a second drain connected to the first
drain, the second transistor having a current driving
capability lower than a current driving capability of the
first transistor:

a driving voltage generation circuit configured to generate
a first driving voltage corresponding to a {first output
voltage appearing at the first output terminal, the first
driving voltage being supplied to a gate of the second
transistor; and

a switch device configured to selectively supply the first
driving voltage to a gate of the first transistor while the
first driving voltage 1s also supplied to the gate of the
second transistor.

2. The regulator of claim 1, wherein the switch device 1s
configured to supply the first driving voltage to the gate of the
first transistor after a first predetermined period of time has
clapsed after activation of the regulator.

3. The regulator of claim 2, wherein the switch device
includes

an activation control circuit configured to generate an acti-
vation control voltage that varies over time after activa-
tion of the regulator;

a first comparator configured to supply a first compara-
tor output at a first voltage when the activation control
voltage 1s less than a first predetermined threshold and
at a second voltage when the activation control volt-
age 1s greater than the first predetermined threshold;
and

a switch circuit operatively connected to the first com-
parator and configured to receive the comparator out-
put, the switch circuit being configured to selectively
connect the gate of the first transistor to the first driv-
ing voltage based upon receipt of one of the first
voltage and the second voltage.

4. The regulator of claim 3, wherein the second transistor
has an element size smaller than an element size of the first
transistor.

5. The regulator of claim 4, further comprising

a third transistor connected to the first output terminal and
configured to selectively divert a portion of an output
current supplied to the first output terminal; and

a driving circuit configured to drive the third transistor into
an ON state for a second predetermined period of time
after activation of the regulator.

6. The regulator of claim 35, wherein the driving circuit
includes a second comparator configured to supply a second
comparator output including a third voltage when the activa-
tion voltage 1s less than a second predetermined threshold and
a fourth voltage when the activation control voltage 1s greater
than the second predetermined threshold.
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7. The regulator of claim 6, further comprising a current
limiting resistor provided 1n a current path between the sec-
ond transistor and the first output terminal.

8. The regulator of claim 7, wherein the regulator 1s inte-
grated mto a semiconductor integrated circuit.

9. The regulator of claim 1, wherein the second transistor
has an element size smaller than an element size of the first
transistor.

10. The regulator of claim 9, further comprising a current
limiting resistor provided 1n a current path between the sec-
ond transistor and the {irst output terminal.

11. The regulator of claim 9, further comprising

a third transistor connected to the first output terminal and

configured to selectively divert a portion of an output

current supplied to the first output terminal; and

a driving circuit configured to drive the third transistor
into an ON state for a second predetermined period of
time after activation of the regulator.

12. The regulator of claim 11, wherein the driving circuit
includes a second comparator configured to supply a second
comparator output including a third voltage when the activa-
tion voltage 1s less than a second predetermined threshold and
a fourth voltage when the activation control voltage 1s greater
than the second predetermined threshold.

13. The regulator of claim 11, further comprising a current
limiting resistor provided 1n a current path between the sec-
ond transistor and the first output terminal.

14. The regulator of claim 1, further comprising

a third transistor connected to the first output terminal and

configured to selectively divert a portion of an output

current supplied to the first output terminal; and

a driving circuit configured to drive the third transistor
into an ON state for a second predetermined period of
time after activation of the regulator.

15. The regulator of claim 14, wherein the driving circuit
includes a second comparator configured to supply a second
comparator output including a third voltage when the activa-
tion voltage 1s less than a second predetermined threshold and
a fourth voltage when the activation control voltage 1s greater
than the second predetermined threshold.

16. The regulator of claim 14, further comprising a current
limiting resistor provided 1n a current path between the sec-
ond transistor and the first output terminal.

17. The regulator of claim 1, further comprising a current
limiting resistor provided 1n a current path between the sec-
ond transistor and the first output terminal.

18. The regulator of claim 1, wherein the regulator 1s 1nte-
grated mto a semiconductor integrated circuit.

19. A power supply system comprising:

a dropper-type regulator including,

a {irst transistor including a first source connected to a
first input terminal and a first drain connected to a first
output terminal,

a second transistor including a second source connected
to the first source and a second drain connected to the
first drain, the second transistor having a current driv-
ing capability lower than a current driving capability
of the first transistor,
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a driving voltage generation circuit configured to gener-
ate a first driving voltage corresponding to a first
output voltage appearing at the first output terminal,
the first driving voltage being supplied to a gate of the
second transistor, and

a switch device configured to supply the first driving
voltage to a gate of the first transistor after a first
predetermined period of time has elapsed after acti-
vation of the regulator, the switch device including
an activation control circuit configured to generate an

activation control voltage that varies over time after
activation of the regulator,

a first comparator configured to supply a first com-
parator output at a first voltage when the activation
control voltage 1s less than a first predetermined
threshold and at a second voltage when the activa-
tion control voltage 1s greater than the first prede-
termined threshold, and

a switch circuit operatively connected to the first com-
parator and configured to recerve the comparator
output, the switch circuit being configured to selec-
tively connect the gate of the first transistor to the
first driving voltage based upon receipt of one of
the first voltage and the second voltage; and

a switching regulator including
a series circuit including an inductor connected together

in series with a diode at a connection point, the series

circuit being connected a second 1nput terminal and a

second output terminal,

a third transistor connected to the connection point, and

a driving circuit configured to supply a driving voltage to
a gate of the third transistor,

wherein the driving circuit 1s configured to generate the
driving voltage with a duty ratio corresponding to the
activation control voltage.

20. The power supply system according to claim 19,
wherein dropper-type regulator and the switching regulator
are mtegrated in a single semiconductor integrated circuit.

21. A regulator comprising;:

a first MOSFET including a first source connected to a first
input terminal and a first drain connected to a first output
terminal;

a second MOSFET including a second source connected to
the first source and a second drain connected to the first
drain, the second MOSFET having a current driving
capability lower than a current driving capability of the
first MOSFET;

a driving voltage generation circuit having a driving volt-
age output 1n constant electrical communication with a
gate of the second MOSFET, the driving voltage gen-
eration circuit configured to generate a first driving volt-
age corresponding to a first output voltage appearing at
the first output terminal, where the first driving voltage 1s
supplied to the gate of the second MOSFET; and,

a switch device configured to selectively supply the first
driving voltage to a gate of the first MOSFET.
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